Genetic information coding for xenotropic murine leukemia viruses (X-MuLVs) is present in multiple copies in the cellular DNA of all mice (1, 2), but different inbred strains vary greatly in their expression of this information as infectious virus or as virus-coded glycoprotein gp7O (XenCSA, X-MuLV-related cell surface antigens) on the surface of lymphocytes (3, 4) . Earlier studies demonstrated that some ofthe differences in expression ofinfectious X-MuLV could be attributed to the presence ofloci for induction ofinfectious virus (V loci) in some strains and their absence from others (5) (6) (7) (8) . For many strains, the X-MuLV loci have been shown to be present on chromosome 1 at or near Bxv-1 (5, 6, 9) . Variations in XenCSA levels among inbred strains were also shown to be influenced by V loci (8) , but other differences were attributable to the effects of a locus on chromosome 4 linked to Fv-1 (10, 11) .
Recently, we described another locus that has a major effect on expression of X-MuLV as infectious virus and XenCSA in F/St mice (9) . A high proportion ofthymocytes and spleen cells from mice of this strain produced infectious ecotropic MuLV and X-MuLV and expressed high levels of XenCSA. Studies of hybrids between F/St and other inbred strains showed that the high ecotropic MuLV phenotype ofF/St was governed by three or more dominant, independently assorting V loci. However, the high X-MuLV phenotype of F/St was found to be a recessive trait that was governed by a single locus. This locus was not linked to the X-MuLV V locus of F/St on chromosome 1 or to marker loci on chromosomes 4, 5, 6, 7, 9, or 14. Expression of infectious ecotropic MuLV was not detectably affected by this locus.
In this report, we demonstrate that the locus governing XMuLV expression in F/St mice is located on chromosome 17 within or tightly linked to the major histocompatibility complex (H-2) . This locus appears to regulate the levels to which infectious X-MuLV and XenCSA are expressed from loci on chromosome 1.
MATERIALS AND METHODS Mice. F/St (H-2P, Fv-l('r), Ly-9.2) mice were bred in our colony. B10. F/Sg (H-2P, Fvlb) mice were from a colony established from breeders provided by Jack Stimpfling. C57BL/ 10SnJ (H-2b, FV-lb), AKR/J (H_2k, Fv-jn), BIO.BR/SgSnJ (H2k, Fvlb), and BDP/J (H-2P, Fv-l, Ly-9.1) mice were purchased from The Jackson Laboratory. P/N (H-2P, Fv-ln) mice were from the colonies of the National Institutes of Health. Antibodies. Monoclonal anti-H-2Kk was purchased from Becton Dickinson. Fluorescein-labeled monoclonal anti-Ly-9. 1 was prepared from supernatants of cultures of the 30C7 cell line, generously provided by Jeff Ledbetter (12) . Fluorescein-labeled Fab fragments of goat anti-mouse IgG2 were generously provided by B. J. Fowlkes, National Institute of Allergy and Infectious Diseases. The reagent for assayingXenCSA consisted of fluorescein-labeled F(ab')2 fragments of IgG obtained from the serum ofa rabbit (R283) immunized with SIRC cells infected with NZB X-MuLV, prepared as described (4) . These antibodies react preferentially with cell surface gp70s related to the envelope gp70s ofX-MuLV and mink cell focus-inducing MuLV.
Virus Assays. Suspensions of lymphocytes from thymus and spleen were prepared for infectious center assays of mitomycin C-treated (25 Ag/ml for 30 min at 370C) cells as described (4, 13) . X-MuLV was assayed for focus induction in sarcoma viruspositive, leukemia virus-negative (S+L-) mink lung cells (14) ; titers are expressed as focus-forming units (ffu) per 107 lymphoid cells. Ecotropic MuLV was assayed by plaque induction in XC cells as described (13) (9) . Further analyses of F1 x F/St mice demonstrated that the high X-MuLV phenotype of this strain was determined by a single recessive gene for which no chromosomal location was established (9) . In the present study, crosses between AKR and F/St mice were tested for possible linkage between alleles at the locus governing X-MuLV expression and alleles at H-2. Spleen cells and thymocytes from (AKR X F)F1 X F/St mice were assayed for infectious X-MuLV by cocultivation with mink S+L-cells. Cells from the same preparations were also assayed for XenCSA and alleles at H-2K by FMF.
The results of these tests demonstrated the following points: First, as in earlier studies of (NFS X F)F1 X F/St and (C57L X F)F1 X F/St mice (9) , the high X-MuLV phenotype of F/ St was controlled by a single recessive gene with greater effects on thymocytes than on spleen cells (Table 1 mocytes (infectious X-MuLV and XenCSA) was observed only in mice homozygous for the H-2K allele of F/St [H-2P (15)], whereas thymocytes from H-2Kk/H-2KW heterozygotes, except for one mouse, produced no infectious virus and expressed low levels of XenCSA (Fig. 1A) . In studies of spleen cells, the majority of mice with low proportions of virus-producing spleen cells (<1010/107 cells) were heterozygous at H-2K, whereas spleen cells from mice homozygous at this locus generally had higher proportions of virus-producing cells (Fig. 1B) . Finally, thymocytes from backcross segregants ofboth the high and low X-MuLV phenotypes produced equivalent levels of infectious ecotropic MuLV (data not shown). Table 3 , of 27 BDP X (BDP X F)F1 mice, 14 animals expressed high levels of infectious X-MuLV and XenCSA in thymus, indicating that the high-virus phenotype was controlled by a single gene. These mice were also tested for segregation of alleles at Ly-9, a chromosome 1 linkage marker located 20 centimorgans from the X-MuLV V locus of F/St (9) . In 22 of these 27 mice, the virus phenotype assorted in association with alleles at Ly-9 such that the majority of BDP-type mice (homozygous for Ly-9.1) were low for virus expression, whereas the majority of the heterozygotes at this locus were 1,035 * Alleles at Ly-9 were determined by using monoclonal anti-Ly-9.1. high. This gives a linkage estimate of 18.5 ± 7.5, which is compatible with the distance between Ly-9 and the X-MuLV V locus of F/St as determined by iododeoxyuridine induction studies. DISCUSSION
The data presented here demonstrate that high expression of X-MuLV by lymphocytes of F/St mice is dependent on the interactions of two loci: Cxv-), closely linked to H-2 on chromosome 17, and a X-MuLV V locus on chromosome 1. Alternative alleles at Cxv-1 appear to regulate the extent to which chromosome 1 X-MuLV V loci are expressed as infectious virus and as XenCSA. The close association between Cxv-1 and H-2K was documented by the observation that among 76 backcross and outcross mice involving F/St or B10. F and mice carrying a chromosome 1 X-MuLV V locus [i.e., AKR or B10.BR, which carry Bxv-1 (5)] only mice homozygous for H-2K! had a high proportion of thymocytes that produced infectious X-MuLV and expressed high levels of XenCSA (Fig. 1, Table 2 ). These results also showed that the allele at Cxv-l associated with H-2KY was recessive and permissive for X-MuLV expression, whereas that linked to H-2Kk in two H-2k haplotypes of independent origin was dominant and restrictive for X-MuLV expression.
The finding that lymphocytes from the H-2P strains BDP and P produced no infectious X-MuLV and expressed low levels of XenCSA suggested that homozygosity at H-2P was not sufficient to produce the high-X-MuLV phenotype expressed by F/St. The necessity for a dominant MuLV V locus was indicated by the observation that a high proportion ofthymocytes from (BDP X F)F1 and (P X F)F1 mice (homozygous for H-2P but heterozygous for the chromosome 1 X-MuLV V locus of F/St) produced infectious X-MuLV and expressed high levels of XenCSA (Table 1) . Further, linkage analyses of BDP X (BDP X F)F1 backeross mice showed assortment of the high X-MuLV phenotype of F/St in association with the chromosome 1 locus Ly-9 ( Table 3 ).
The view that the alternative alleles at Cxv-) determine the extent to which lymphocytes produce infectious X-MuLV or express XenCSA from chromosome 1 X-MuLV V loci is further supported by the studies of C57BL/10 congeneic resistant mice. The C57BL/10 strain has a single X-MuLV V locus, Bxv-1 (5), on chromosome 1 Fig. 2 ) produce high levels of infectious virus and express high levels of XenCSA.
The effect of Cxv-) on expression of infectious X-MuLV and XenCSA is greater on thymocytes than on spleen cells; the proportions of virus-producing cells in thymuses of Cxv-V homozygotes are generally 10-to 100-fold higher than in the spleens ofthe same animals ( Fig. 1 The means by which Cxv-l exerts its effect on X-MuLV expression is not known, but both intracellular and extracellular mechanisms can be envisioned. Because ofthe close association with the H-2 region, we have carried out preliminary tests for indications that Cxv-) acts as an immune response gene determining responsiveness to X-MuLV env gene products. Samples ofSIRC cells infected with NZB X-MuLV were allowed to react with sera from 15 (AKR x F)F1 X F/St mice (eight high-virus and seven low-virus mice) and then exposed to fluorescein-labeled anti-mouse F(ab')2. FMF assays of the cells gave uniformly low fluorescence levels with sera from both high-and low-virus mice, in tests in which standard positive mouse and rabbit sera gave high levels of fluorescence. Although these results suggest that the low-virus and low-XenCSA phenotype is not simply a function of X-MuLV immune responsiveness, the possibility of absorption of crossreactive antibodies in mice that all express high levels of ecotropic virus has not been ruled out. Further testing of immunological control mechanisms, both humoral and cellular, is indicated, as well as investigations of control at the level of transcription or translation of the viral genome. It will also be of interest to determine the relationship of Cxv-) to other retrovirus and leukemia regulatory genes known to be within or closely associated with the H-2 complex region (17) .
It should be noted that the high-expression MuLV locus of NZB mice, Nzv-l, is distinct from the xenotropic virus induction and regulation loci described here, because it is not located on chromosome 1 (C. A. Kozak, personal communication) nor is it linked to the H-2 complex (18) .
There was no indication of Cxv-l-mediated regulation of endogenous ecotropic MuLV expression in the H-2P crosses studied here and in a previous report (9) . However, in contrast to X-MuLV, for which endogenous expression without spread of virus is measured, these ecotropic virus phenotypes reflect the amplification by exogenous infection characteristic ofthe highly inducible multiple V loci of AKR Finally, it should be noted that of the B10. F mice scored as expressing high levels of X-MuLV and XenCSA a high proportion were also positive for virus of the dual-tropic recombinant MCF class (19) . The significance of this finding in relationship to the mechanism of Cxv-1 regulating activity and the mechanism of generation of MCF viruses is not yet known.
